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Summay 

The selective, single-step synthesis of (2-Me,NCHZC,H,)RSnX,, m whxh 2 = 
H or Me, R = Me or Ph and X = Cl or Br, startmg from the tetranuclear copper 
cluster compound (2-Me,NCHZC6H,),Cu, and RSnX3 1s described Reaction of 
(2-Me2NCH&H4)4Cu4 wth SnBr, in a l/2 molar ratio afforded 
(2-Me,NCH&H,).SnBr, m almost quatktatlve yield 

‘H hWR spectroscopic data of these novel coImpounds, which are mono- 
menc m solution, mdlcate that (I) mtramolecular Sn-N coordmation renders 
the Sn atom m (Z-Me2NCHZC6H4)RSnX2 pentacoorcimate, t&h the organ0 
hgands resldmg m the equator4 plane of a tngonal bl?yramldal structure, and 
the Sn atom m (2-MezNCH&H&SnBr2 hexacoordm:lte, mth tram organ0 
groups and a czs arrangement for the Br and the N ato,ns, (n) m pyndlne the Sn 
atom in (2-Me,NCHZC&)RSnX, becomes hexacoordmate by complex forma- 
tion with the solvent but that mtramolecular Sn-N coordmation has been 
retamed. 

The stereochemrcal lablhty of the pentacoordmate Sn center m the dlorgano- 
tin dlhahdes (2-Me2NCHZC&I,)RSnX2, which contam a dlssymmetrlcal equa- 
tonal plane, has been estabhshed on the basis of the dynamic NMR spectra of 

* For Part XXX1 See ref 1 
*- Dedicated to Professor H Normant on the o~caaon of his 72nd birthday on June 25th. 1979 
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[(S)-2-Me2NCHMeC,H,]hIeSnBr~, (whrch contams a C-chn-al lat-ei 1~1th rl stable 
configuratlon), as nell as by the spectra of mlGules of (2-~Ie7_NCH2C6nJ)nIe- 
SnX, (X = Cl and Br) 

Introduction 

In previous papers we have shown that ayl groups bound to copper enter 
readily mto exchange reactions wvlth Sn-X bonds of olganotm h&des 
RJ-,l SnX,, (n = 2,3 or 4) [Z-4] Single-step syntheses of novel types of chnal pen- 
tacooldmate triorganotin hahdes kMePhSnX [ 31 or (S)-ArMePhSnX [ 41 
(2-Me,NCHZC,H, Ar, Z = H, (S)-Al, 2 = Me) have been achieved by using ayl- 
copper cluster denvatlves AJJ& [ 51 and (S)-Ar,Cu_ [ 41 

L 

CHNMe 

cs / \ - i”;;‘,“, 
I 

Br II. 

X-ray analysrs of II [4] and of the dlphenyltm derivative XiPh2SnBr (III) 

Z=H 
Z=Me 

[6] confirmed a distorted trlgonal blpyramldal geometry for the central tm 
atom in these compounds, with the orgamc hgands residing m the equatoli&l plane 
while the electronegatrve Br and N atoms occupy axial posltlons 

Compounds I and II have a chu-al tm center ‘H NMR studies revealed that, 
m solution, mcerslon at tm 1s slow on the NMR tlmescale, but fast on the 
laboratory timescale However, by preferential crystalhzat~on, the optlcaIly 
pure (S),(S)s,-dlastereomer of II could be isolated and studied [4] 

In the dynamic NMR studies of I and II both the CHIN protons and the 
NMe2 groups are used as probes for the detection of chlrallty at the tm center 
as well as for the occurrence of mtramolecular Sn-N coordmatlon In this 
paper we descnbe the apphcation of these results to a study of the nature of 
the dlorganotin dthahdes ArRSnX* m which Ar contams a prochiral (CH2NMe,) 
or C-chiral (CHMeNMe,) ortho-substituent. Attention will be aven to the selec- 
tive single-step synthesis of pentacoordmate (2-Me,NCHZC,H,)RSnX, and 
hexacoordmate (2-MezNCH&,H&SnBr2 compounds 

Results 

Synthesrs of (2-MeJVCHZC&I,)RSnX, and (2-MeJVCH,C$I&SnBr, 
Addition of the tetranuclear arylcopper compounds IV and V to a solution 

of an organotm tnhalide m a : 4 molar ratio gave rise to the formatlon of the 
corresponding organotin dihalides m nearly quantltatlve yields. Similarly, reac- 
tion of ArJu, (IV) with SnBr, 111 a 4 : 2 molar ratio resulted m the quantitative 
formation of Ar,SnBr, (X). 

The noveI tin compounds VI-X are white solids which accordmg to osmo- 
metnc molecular weight determmation exist m benzene (VI-IX) or m HCC13 
(X) as discrete monomers. 

The ‘H NMR data are given m Table 1. 
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benzene 

room 
temperature 

(IV) Ar,Cu, Z =tr 

(V) (S)-Ar,Cu, Z = Vo 

4 PSn x3 

-4 CUY 
w 4 ArRSnX> or 4 (S I-ArRSnX2 

(i/l1 Z=H R=Me X-Cl 

(\II)Z=H ‘?=Me X=Br 

(VIiI) 2 = H R = Ph X I Cl 

(TX) Z = Me R = Me X = Br 

1 2 SnBr, 

-4 cuar 
c ArzSnBrz 

(3:) Z=h 

TABLE 1 

IH NbIR SPECTR% OF DIORG %?.OTIZ! DIHkLIDES VI--X AhD OF THE PEVTACOORDINATE 

TRIORG 4NOTIv HALIDES I &ND II 

Compound sol\ ent 
(Temp “C) 

SQ 

NhIez \CH, SIl--\Ie 2J(Sn-cH) H, h 

% III ?rPhSnCIZ 

I\ (S)-_\rhleSnBrl 

h 4r2SnBr2 

I ArSIePhSnBri 

II (S)-4rMePhSnBr I 

VI/VII (3/l) 

Tol+Ig(Amb) 
P\ r-dg( 1mb) c 

Told g(Amb) 
TolilF(--95) 

Pl rds(Amb) c 

Tol-+ls(Amb) 

Tol-d,(105) g 

Pyr-d,( 4mb) 

CDC13(Amb) 
CDC13(--50) ’ 
Pvr-dg(4mb) 

Benz~~( Ymb) 

P>r-dj(Amb) 

Benzdg(Amb) 

P, r-dg<Amb) 

Tel-d 6( 4mb) 
Tol-d6(-95) 

1 65s 

2 50s 

2 5asd 

2 i8sd 

1 65s 
2 55s 

179 
0 95sc 

164s” 
243 

1 50s 1 85s 

1 80s 

2 30s 2 70s 

2 15s 
2 00s 2 60s 
2 20s 

1 45s 

1 87s 

1 36s 

2 04s 

1 70s 
170e 

3 03s 

3 90s 

39ld 412d 

3 02s 
3 93s 

3 02 
2-z.le 290= 

4 00 

f 
- 
I1 

325d’ 415d’ 
325d’ 415d’ 
330d’ 415d’ 

281d 302d 

3 38d 3 39d 

- 

- 

3 10s 
310e 

0 80s 

1 60s 

173 
176 

1 00s 
1 65s 

- 
- 

- 

1 10s 

115s 

195s 

- 
- 
- 

0 87 

116 

091 

110 

090 
0 80 

100 

i6180 

102/107 

76180 
102/107 

- 
- 

- 

7 s/i9 

75179 

981102 

- 

- 
- 

65168 

65168 

67165 

67165 

76180 
76180 

8 37(96) 

7 95 

8 44(96) 
7 95 

8 65(96) 

8 61 

8 55(96) 

8 05 

8 20(108) 

8 42(104) 

8 72 

8 72 

8 95 

8 88 

8 36 

a TMS mternaI G(ppm) *J(Sn-H) In Hz b MuItlpIet resonances values hsted are the centers of the multi- 
plets Value betxreen parentheses of 3J(Sn-H6) In Hz c AU resonances are broadened d Broadened reso- 
nances with peak heights of the 101% -field resonances of NMe and NCH, Iarger than the Iugh-field peahs 
appmxunate ratlo 3 1 e Broad resonances Tenal --9O”C fS(a-CHs) 0 83(d Jan 7 Hz) S(oz-H) 3 44 --- 
(Q) g Tcod Nhk mglets --+58°C_h S(a-CH$ 1 35(d) 6(&-H) 4 63(q) 5 JAB 14 G-7 T,,,; NMe nnglets 
-o”c kseerefs 34 



Discussion 

The syntheses of VI--S ~~rovdc a furtlwl dlust~dlon of the su~p~ls~ng SC~CY- 
tlwty of p0IynucIea.r a-1 Icoppt‘k compounds when usrd as mtermedrates 111 

organometalltc synthests The ‘tt-~ l&ton of R,,Sn&_,, OLC~E, stel~tse u tth htgh 

selecttvtty, ‘tnd alloys the synthcsls of R,SnS [2--I] and R2SnSI_ cot~~l~out~clc; 
m a smglc step Which pat ttcular Icatute of the copper clusters used (e g fotma 

tton of new, less reactive R,,z_,lCu,,lX,l clusters [ 2,T] 111 ttle metal-halogen 
exchange, or the ptesence or &xence of built-tn ltgands) accounts for thts htgh 
selecttvtty is d subJect which wtll require further e\plotattve xx ark 

Becsuse dtorganottn dhaltdes ;ue generally stronger Lexr ts actds than tttotg‘t- 
notm haltdes [ 81, the mtramolec_ular SW-N cootdtnatton whtch u as obsetx ed 
earlier m the correspondtng tnorganottn haltdes I-III must also be expeLted to 
occur tn compounds VI-IX_ The observed molecular weights exclxle the ~OSSI- 
brltty of mtermolecular Sn-halogen coordtnatton [9]. On this basis, the Sn 
atom m the compounds (2-Me2NCHZC&I,)RSnXz (VI-IX) ts pentacootdmate 
A trigonal btpyramtdal structure tn whtch the atyl and R groups restde m the 
equatortal plane IS most ltkely cf refs z-4, 6 The bite of the 2-hIe,NCHZ- 
C&I, hgand (C-Sn-N angle m II, 75 2” and tn III, 75 3” [4]) dtctdtes that the 
amino ligand wtll occupy an axtal posttton [lo] leaving one equatottal and one 
axial posttton for the two bromme atoms (cf_ Ftg la)_ 

Large downfield shifts of the signal for Hb to about 6 8.5 ppm are observed 
m the spectra of VI-IX. Together with the earlter observatton of stmtlar shifts 
for the H6 protons m the pentacoordmate trtorganotm compounds I-III, thts 
forms a strong argument for the stmtlartty of the structures of these com- 
pounds, see Fig. 1. These large downfield shifts are a result of the axtal-equa- 
tortal spannmg of the btdentate 2-hIe,NCHZC& group, which bltngs the H, 
proton close to the halogen atom tn the axial site ttans to the ammo ltgand It 
IS mterestmg to note that the nonbonding H, - X dtstance m II was calculated 
Tom the X-ray data to be 2.80 A [4] 

The methyl-Sn resonances m the speck a of the (2-hle,NCHZC,H,)MeSn)(, 
compounds (VI, VII and IX) are observed at abork 1 ppm and show 
2J(Sn-CH3) values of about 76 Hz, wi ~,A IS near the upper ltmtt found for 
pentacoordmate methyltm species [9]. 

The NMR data for compounds VI-IX recorded as soluttons tn pyndtne are 

a b 

Wg 1. Tn~onat blpyramtdal structures of (a). dmrganotm &h&des and (b) tnorganotm hatIdes [2-4-J as 
a result of intxamolecular Sn-N coordmatlon 



shown m Table 1 The respective CH,N, NMe and SnMe resonances undergo a 
large solvent-mduced don nfleld shift wh~h IS comparable to the solvent ciepen- 
clence observed foor the co~lesponcimg trlolganotm hahdes I-III [3-43 In the 
case of a solvent-solute mtelactlon, the pleferentlal onentatlon of the benzene 
or pyrldme molecules at the site of the built-m hgand ~111 be comparable. as 

can be deduced from the very smlllar shifts or” ArMePhSnBr (I) and (S)-ArMe- 
PhSnBr (II), see Table 1 However, m the spectra of the dlorganotm dlhahdes 
VI-IX the H6 resonance shifts strongly upfield (about 6 0 5 ppm, see Table 1) 
upon changmg the solvent from toluene to pyndme Whereas the *J(Sn-CH3) 
values of 65/68 Hz for the tnorganotm hahdes I and II do not change upon 
changmg the solvent from benzene to pyndme, the ‘J(Sn-CH,) values for the 
dlorganotm dlhalldes VI, VII and IX mclease from 76/80 Hz m toluene to 102/ 
10’7 Hz m pyndme These results mdlcate that the pyndme molecule resides m 
the coordmatlon sphere of the tm atom, resultmg m a hexacoordmate geom- 
etry with sp-hybndlzatlon of the tm atom (cf ref 9) Assummg retention of 
the mtramolecular Sn-N coordmatlon bond m pyndme (cf retention of this 
bond m I and II when dissolved m pyndme [3,4]) the complexes formed can 
be of the type (2-Me,NCHZC,H,)RSnX,Py or [ ( 2-Me,NCHZC6H,)RSnXPy2]X 
At low temperature (-40 to -95” C) the resonance pattern de-coalesces into 
two patterns which have an mtenslty ratio of - 3/l, see Table 1 This ratlo IS 
sensltlve to the concentration of the dlorganotm dlhallde m solution, pomtmg 
to the presence of at least two lsomenc forms fgr these pyrldlne complexes 
wh~h undergo inter- and mtra-molecular exchange 

The occurrence of pentacoordmatlon as a result if mtramolecular Sn-N 
coordmatlon has been unambiguously deduced from the observation that the 
spectra of the C-chlrai compound (S)-ArMeSnBr, IX at room temperature 
shows two singlets for the NMe2 protons The NMe, groups m the C-choral 
CHMeNMe2 group are dlastereotoplc, and ~11 thus appear m the spectrum as 
two singlets, when the nitrogen center 1s a stable pyramidal assembly This will 

only be the case wher, lnverslon at the nitrogen center 1s blocked by Sn-N coor- 
dmatlon Furthermore, 111 the pentacoordmate situation, the equatonai plane is 
dissymmetnc and can have either the (S),, or (R)sn configuration [4], see 
Fig 2 Accordmgly, two patterns arising from the two possible dlastereomers 

(S),(S).% and (S),(R),, are expected m the slow exchange From the observa- 
tion of only one pattern m the spectrum of IX it must be concluded that rapld 

mverslon of conflguratlon at the tm center occurs 
PhC12Sn(CH2)&(0)Me, m which mtramoiecuiar Sn-0 coordmatlon was 

Fig 2 Possible dnstereomers for {2-[1-(S)-(dunethylammo)ethyl])methyltm dlbromlde 
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deduced from the shift of the v(C=O) flom 1670 to 1710 cm-’ m the cone- 
spondmg 2,2’-blpyllclme contple\, IS to 0~11 kno\vledge the only other repel ted 
example of a pentdcooldmate dro~ganotin d~l~aliclt 1121 

The structure of (2-l~fe~‘CH,C~.)2S?lB~-2 m solution 
In wew of the well-documented tendency of dlolganotm dlhahdes to fomi 

1 : 2 compleses wvrth monodentate hgands j133, a helacooldmate structure for 
Ar2SnBr2 seems likely, see Fig. 3 This IS supported by the followmg observa- 
tions. Only small shift differences for the lespectlve resonances are observed 
when changmg the solvent from CHC13 to pylldme This :s compatible wrath d 
more symmetncaI arrangement of the electronegative hgands m X as compared 
with VI-IX, resulting m a less specific solvent-solute mtemctlon (see above) 
Furthermore, the observation of only one resonance pattern m the spectrum at 
-5O”C, which consists of an AB pattern for the CH2N protons and two smglets 
for the NMe protons, can only be explamed by a trans anangement of the 
organ0 llgands and a CIS arangement of two coordinated N-atoms and two 
Br-atoms_ This structure lacks relevant symmetry planes passmg through the 
prochiral benzyhc C-centers (cf. the AB pattern) and through the stable pylam- 
ldal N-centers (cf two singlets) resultmg m amsochronous resonances 

The proposed specific hgand arrangement, 1-e. tlaizs R groups and czs Cl 
atoms, has earlier been proven by Mossbauer, NQR and dipole moment stuches 
for adducts of the type R2SnC12L2 (L monodentate hgand) m the solid [S,ll] 

Dynamic behavrour of pentacoordrnate (Z-Me&CHZC&I,)RSnX2 and hexa- 

coordmate (2-MeJVCH&H,)$hBr, 
A comparison of the structures of the pentacoordmate ArRSnX, and hexa- 

coordinate Ar*SnX, in solution is of interest with a view to elucldatmg the 
nature of stereolsomenzatlon processes m organotm halides contammg built-m 
ligands. 

Direct mformation concerning the occurrence of Sn-N coordmatlon m the 
ArRSnX* compounds can be obtamed from the compound (S)-ArRSnX, con- 
taming the C-choral label CHMeNMe, (see above) At higher temperature, the 
two NMe singlets start to coalesce (see Fig 4), fmally resultmg in one sharp 
singlet above 60°C. The coalescense temperature Tcoal of 58°C (Av 0 35 ppm) 
is considerably higher than the Tcoal of 28°C (Av 0.41 ppm) observed for II 
[4]. This points to a stronger Sn-N bond m the dlorganotm dlhahdes VI-IX as 
compared with the triorganotm halides I and II, this is as expected, in view of 
the stronger Lewis acidity of the dlorganotin dlhalldes [13] The process by 
which the NMe smglets coalesce mvolves Sn-N bond dlssoclatlon with concom- 
itant inversion at N and rotation around the C-N bond. 



NMe 

‘ 9 I 
8 

Fig 4 1 H N\IR speCt~m (go hlH~) of {z-[l-(s)-(d~meth~lammo)eth~llPhe lyl)methsltln dlbromlde m 

toluene-dg 

Fig 5 Proposed mtermedxate formed by assoclatlon of two monomeric organotm hahdes R = Me or Ph 
R’ = organ,c group or halogen 
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The fxt that dlastereomerx forms for (S)-&hIeSnBrZ (see Fig 2) ague not 
observed mdlcates that the configmatlon of the pentacoordmate tm center 1s 
labile on the NMR tImescale_ The observatron that only smglets fol the NMe, 
and CHZN protons are observed m pentacoordmate (2-hIe,NCH,C&,)RSnX,, 
which contains a dlssymmetnc equatonal plane, but lacks the C-chnal label, IS 
hkewlse explained by the stereochcmxxl lablhty of the Sn center m these com- 
poullds 

Possible mechamsms which can account for the observed stereochemlcal 
lability are Beny-type pseudorotatlon processes [ 143 or processes mvolvmg 
Sn-X bond dlssociatlon [ 4,15]_ Such processes were escluded m our recent 
study of the stereoisomerization of II x [ 41 Instead, a mechanism mvolvmg 

stereoisomerizations, takmg place m a dlmenc mtermedlate with hesacoordl- 
nate tm centers, was proposed, see Fig_ 5, X = R [4]_ 

The results of NMR measurements on mixtures of ArMeSnCl:! and ArMe- 
SnBr, in apolar solvents Indicate that such a mechamsm (see Fig 5, R’ = halo- 
gen) apphes to the stereolsomenzatlon of the pentacooldmate dlorganotm 
dlhalides. 

I 
&aCIZ + A!&&&Br, + [(k%nX2)z] =+ 2 ArMeSnClBr 

X=Cl and Br 

The NMR spectrum of a 1 1 mixture Df ArMeSnCl, and ArMeSnBr, m toluene- 
d8 shows only one resonance pattern. of which the Sn-Me resonance appears at 
a value between those of the starting compounds, cf. Table 1. Below --80°C, the 

broadened Me-Sn singlet de-coalesces mto two smglets Moreover, the NMe2 
smglet and the CH,N smglet start to de-coalesce, whxh mdlcates that, under 
these condrtlons, the tm center starts to become conflguratlonally stable on the 
NMR timescale. 

The dynarmc behavlour of the Ar*SnBr, compound 1s of mterest m view of 
the stereolsomerizatlon processes proposed to take place m Ar,SnMeBr x* [ 3]_ 
The ‘H NMR spectra at temperatures above -50°C show that the two NMe 

* Bern pseudcrotatmn processes are energetically unfavorable because of the dlstmct %te prefer- 

ence of the N and halogen atoms for avlal posltlons 191 and the constramts of the five-membered 
chelate ring. Sn-X dlssoclatlon 111 the pentacoordmate compounds would result m opening of the 

** C-Sn-N angle from 75O to a value of 109O whxh makes such a process unhkel) 
‘H NMR and Sn Mossbauer studies Cl61 revealed that A+nMeBr has a pentacoordmate structure 

both m solution and m the sohd state. which E m hne wth the trlorganotm hahdes bemg weaker 
Lewis acids 
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Thus compound was prepared (III 98% yrclcl) 111 a sunllar fashion startlng 

flom 1 mm01 of the copper conipouncl 11’ and 1 iiiiiiol of PhSnC13 Found C 
44.4, H, 4.3, N, 3 7, Cl, 18 3, Sn, 29 2. C,=H,&12NSn talc C, -l4_94, H, -J 27, 
N, 3 49, Cl, 17-69, Sn, 29 61% &I p 145-147°C Mol wt (osmometq m ben- 
zene) found (c&d ), 407 (401) 

IX was prepared (III 95% ylcld) accoldmg to the procedure given for VI, 
starting from 1 mmol of (S)-Ar,Cu, (V) and 1 mmol of methyltm trlbromlde 
r”ound_ C, 30 1, H, 4.0, Br, 35 9, N, 3 3, Sn, 27 1_ C,lH,-iBr,NSn &cd C, 
29 91, H, 3 88; Br, 36 18; N, 3 17, Sn, 26 87% M p 102-105°C Mel wt 
(osmometry m benzene). found (cakd ), -150 (442) 

Bis(2-[(dinzethyla~nrno)nzet~~lylJphenyl~tm drbromlde (A') 

A sol&on of the copper compound (IV, 2 mmol) m benzene (20 ml) was 

added dunng 15 mm to a solution of SnBr, (1 mmol) m benzene (20 ml) yleld- 
mg a white precipitate and a colourless solution The precipitate was filtered off 
washed with benzene (15 ml) and extracted with two l&ml portlons of chloro- 
form. The combined chloroform solutions were concentrated and the resulting 
white solid was washed with 15 ml of pentane (twice) and dried under vacuum 
(yield 85%). Found: C, 39.4; H, 4 5; Br, 29 0; N, 5 1, Sn, 21 3 C18HZ4BrTNSn 
cakd : C, 39 53; H, 4.42; Br, 29 22; N, 5 12, Sn, 21 70% M-p 245-248°C Mol 
wt. (ebulliometry m chloroform): found (cakd.), 538 (547) 
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